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Description 

[0001] The invention relates to processes tor the stabilization of acylglycerols comprising high amounts of co-S doI- 
'fll^TTVl^ ^""^ ""^^ °' rcyclodextrin. to the complexes thus prepared and to their use 
[0002] Cyclodextnns are cyclic oligosaccharides which consist of 6, 7 or 8 a(1 -4)-linked anhydroglucose units The 
a-, p- or rcyclodextrms. which are prepared by. for example, enzymatic starch conversion, differ in the diameter of 
he|r hydrophobic cavity and are generally suitable for the inclusion of a large number of lipophilic substances 
iSh%b^^ ^^ comprising high amounts of <o-3 polyunsaturated fatty acids as for example eicosapenlaenoic 
acid (EPA) and docosahexaenoic acid (DHA), docosatetraenoic acid (DTA), or docosapentaenoic acid (DPA) are em- 
ptoyed in the food or dietary supplements sector to provide essential fatty acids, these essential fatty acids have been 
inked to the overall health and wellbeing of humans and to the treatment and prevention of diseases associated with 
he cardiovascular system, inflammatoiy disorders, human development, fitness and performance 
[0004] The mam problem tor the wider use of these substances is their limited stability. This results from their en- 

Snrro th"!",!"^ '° T^'^n °'"P°^"'°" 9- by exposure to light, atmospheric oxygen, heat or microorganisms) 
due to the large number of Carbon Carbon (G-C) double bonds. Autoxidation takes place at the C-C double bond 
Which pnmarily leads to the tomiation of peroxides and then to abehydes. ketones and acids. Secondary reactions 
involve isomerizations and polymerizations. 

[0005] US 5.189.149 discloses a method of producing. complexes of long chain polyunsaturated fatty acids their 
salts and esters inclusive of fish and vegetable oil glycerides. with a-, pand rcyclodextrin (a-, p- and v^CD) and hy- 
or mei'JlS^^^^^^ '^^"'""^ complexes. This patent does not disclose the composition of their resulting 

[0006] The patents US 4.831 ,022. US 4,777.162 and US 4,775.749 disclose inclusion compounds of eicosapentae- 
noic acid and Y-cyclodex1rin and food products containig the inclusion compound. These patents show that the complex 

JfnV tMf ^l"^"^^"^"*^^"™'' ^"''^ "^^"^ ^« cyctedextrin. The patents further disclose the 

h gh stability of the eKosapentaenofc acid//-cyclodextrin complex. The patents do not disclose complexes of derivatives 
of ecosapentaenoic acid or other co-3 polyunsaturated fatty acids with y-CD 

ITS Jl V °' ^'^^^^ '° ^"^'"^ ^ "'^^'^ ^° ^^^^^ acylglycerol comprising <»-3 polyun- " 

saturated fatty acids against oxidative degradation. fa h y"" 

f^^^Lrih ^r'T Which Y-cyckxJextrin is mixed with acylglycerol comprising o>-3 polyunsaturated 
tatty acids, either batchwise or continuously thus forming a y-CD/ acylglycerol complex 

fS?n! J® "^'""^^^ "^"^^ vigorously, i.e. kneaded or stirred vigorously, depending on the consistency. 

i??Hc h= m rcyclodextrin allows better stabilizatbn of the acylglycerols comprising (o-3 polyunsaturated fatty 

acids than the use of a- or P- cyckxJextrin. => r / uy 

[0011] Preparation from concentrated aqueous y-CD solutions has proved advantageous. The acylglycerols com- 
S P°ly""sa'"[ated fatty acids are added to the aqueous y-CD solution. The CD concentration of the aqueous 
solution before the addition of acy Ig^cerol is preferably between 5 and 60 % by weight. A CD concentration of 1 0 - 40 
/o by weight is especially preferred. 

t(»12] The weight ratio of acylglycerols comprising o)-3 polyunsaturated fatty acids to CD is preferably between 0 1 
1 and 5 : 1 . especially preferably between 0.4 : 1 and 3 : 1 . 

fj°flliir IT '"'""^ °* acylglycerol and y-CD is preferably effected in a temperature range from above freezing point 
o 80 C. The process is especially preferably carried out at 10 - 60»C. particularly at aoorox. 15 - SO'C, The mixinn 

tTi3™iii Lffic?'"'^'^^"'^ " "'^'^'^"'^ ^ ^y'- ^ ^ ""^'"S °' ^0 

[0014] Complexing is preferably effected under atmospheric pressure. Complexing is preferably effected under a 
protective gas atmosphere (nitrogen or argon). r- » ^ u.y eiieuieu unaer a 

°^'^'"9 to the present invention acylglycerol comprising (0-3 polyunsaturated fatty acids preferably means 
fatty acw"" °' ""'^"^ "^°"°-P^'°sPf'2'e. comprising at least 1 (o-S polyunsaturated 

™I S P°'y""sat"f ated fatty acid preferabV means a residue selected from the group EPA, DHA. DTA or DPA 
[0017] The especially prefered meaning of acylglycerol comprising a)-3 polyunsaturated fatty acid is mono- di- or 
tri-acylglycerol, or glycerol mono- phospate, with at least 1 EPA or DHA residue 

[0018] The most preferred meaning of acylglycerol comprising o>-3 polyunsaturated fatty acid is mono, di tri- acvlQ- 
J«:erol compnsing at least 1 EPA residue, in a preferred content of 5 - 30%. or at least 1 DHA residue, in a preferred 

COnlGnt OT o - 30%. 

^19] The cornpositbn of the (o-3 polyunsaturated fatty acids of the acylglycerols can be determined in a known 
manner by gas chromatographic analysis of the corresponding methyl esters 

[0020] The acylglycerols comprising o>-3 polyunsaturated fatty acids are obtained in a manner known per se. for 
example by wet rendering, often followed by continuous centrifugal separation of the fatty and aqueous phases. Open 
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hydraulic presses, cage presses and continuous screw presses are all used in the final recovery of oil from the rendering 
residues, and the latter are often solvent extracted after pressing. 

[0021] Surprisingly. It emerged that acylglycerols comprising co-3 polyunsaturated fatty acids can be stabilized In an 
outstanding manner by complexation with y-cyciodextrin especially at EPA and/or DHA concentrations between 15% 
s and 40% (by weight) . 

[0022] A markedly higher stabilization of the unsaturated compounds was found in comparison with a- and p-cyclo- 
dextrln. When tested using a Ranclmat machine the y-CD/acylglycerol complexes showed a much higher stability than 
• those obtained with a- and |3-CD. 

[0023] The Gamma cyclodextrin complexes of acylglycerols comprising (o-3 polyunsaturated fatty acids have a sta- 
10 bility time on the Rancimat machine (Induction Time) in excess of 24 hours at 100°C. 

[0024] The invention therefore also relates to a complex of y-CD and acylglycerols comprising co-3 polyunsaturated 
fatty acids. 

[0025] A complex according to the inventbn consists of Gamma cyclodextrin comprising preferably 5 - 50 % by 
weight of acylglycerols comprising o>3 polyunsaturated fatty acids. 

IS [0026] Preferred is a content of 1 5 % - 40 % by weight of acylglyceroles comprising co-3 polyunsaturated fatty acids. 
[0027] The acylglycerols comprising a>-3 polyunsaturated fatty acids are preferably mono, di or triacylglyceroies com- 
prising at least 1 EPA in a preferred content of 5 - 30%, or at least 1 DHA residue. In a preferred content of 5 - 30%. 
[0028] The complexes, which are sparingly soluble in water, can be used directly In the form of the reaction mixture. 
Alternatively, they can be isolated and processed by filtration, centrif ugation, drying, grinding, sieving, screening, gran- 

20 utating or tableting to suit the procedure which is customary in each case. 

[0029] The complexes according to the present invention can be used, for example, in the food ordietary supplements 
sector to provide essential fatty acids. Numerous studies have linked co-3 polyunsaturated fatty acids with the treatment 
and prevention of disease, especially of the Cardiovascular System, and Inflammatory Disorders, e.g. decreased risk 
of coronary heart disease, reduction in triglyceride levels, lower blood pressure, arthitis, asthma, Crohn's disease, 

25 psoriasis. In Human Development, especially for brain and retina growth and development, and improvements in Fit- 
ness and Performance, promoting aerobic endurance and mucle recovery. 
[0030] The following examples are intended to illustrate the invention In greater detail. 

[0031] In the examples the stability of the complexes made was measured by the Rancimat method. The 679 Ran- 
clmat machine is an Instrument for the detemnination of oxidative and thermal stabilities. It is produced and supplied 

30 by Metrohm Ltd. (CH-9101 Herlsau, Switzerland). In the case of oils and fats or substances containing oils and fats; • 
the stability towards oxidative decomposition can be determined. The 679 Rancimat comprjses^a control unit and a 
wet section for 3 or 6 rection and measuring vessels. In the wet section, the samples are exposed to a stream of 
atmospheric oxygen at elevated temperature. In the case of oils and fats, this gives rise to organic acids. The volatile 
decomposition products are trapped In a rrieasurlng vessel filled with distilled water and continuously detected with a 

35 conductivity cell. The control unit assumes control and evaluation of the measurements running In the wet section. 
[0032] The oxidative resistance of the acylglycerol / CD complexes was measured at lOO^'C. Evaluation was done 
using modes 1 (induction time) and 2 (stability time with AK set at 30 p.S/cm). In general, evaluation mode 1 (induction 
time) was used. Airflow of 20 Uh was used for ail samples. Sample quantities of 2.0 g (solid complex) and 3.5 g (liquid 
fish oil) were used. 

40 [0033] Induction Time is calculated from the curve k = /(t). It is the time needed to reach the break point of the curve. 
The induction time is a characteristic of the oxidative stability of the sample under evaluation and is in almost complete 
agreement with the results of the time consuming AOM methcxj. (Determination of the Oxidative Stability of Fats and 
Oils: Comparison between the Active Oxygen Method (AOCS Cd 12-57) and the Rancimat Method, JAOCS 63, 792 - 
795 (1986). Laubll, M.W. and Bruttel, PA.) 

45 [0034] Stability Time Is calculated from the curvex = /-(t). It is the time needed to reach a preset conductivity change 
(^K set at 30 |iS/cm). 

Example 1 : 

so [0035] To 1 50 ml of deionized and degassed water at 60° C In a 1 -L reaction kettle was added 1 00.0 g of dry Gamma- 
cyclodextrin. The reaction vessel was shielded to exclude light and once the solids had dissolved, 22.0 g of acylglycerol 
solution containing approx. 5% EPA and min. 25% DHA was added. The mixture was stirred under a nitrogen atmos- 
phere at 60** C for 24 hours then allowed to cool to ambient temperature. The resulting paste was dried under vacuum 
at sec for 48 hours. The product was obtained as a white powder in a yield of 116.0 g (95%). Acylglycerol content: 

ss 18% by weight. Oxidation Induction time at 100*C (ITioq) - >24 hours. Stability time at 100' C: >24 hours. 
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Example 2: 

[0036] To 1 50 mi of deionized and degassed water at 20"* C in a 1 -L reaction kettle was added 1 00.0 g of dry Gamma- 
cyclodextrln. The reaction vessel was shielded to exclude light then 22.0 g of acylglycerol solution containing approx. 
5% EPA and min. 25% DHA was added and the mixture stirred under a nitrogen atmosphere at 2(f C for 24 hours. 
The solid was removed and dried under vacuum at 50°C for 48 hours. The product was obtained as a white powder 
in a yield of 1 1 8.3 g (97%). Acylglycerol content: 18% by weight. Oxidation Induction time at 1 0O^C (IT^oo) : >24 hours. 
Stability time at 100° C; >24 hours. 

Example 3: 

[0037] To 230 ml of deionized and degassed water at 40^ C in a 1 -L reaction kettle was added 1 00.0 g of dry Gamma- 
cyclodextrin. The reaction vessel was shielded to exclude light and once the solids had dissolved, 43.0 g of acylglycerol 
solution containing approx. 5% EPA and min. 25% DHA was added. The mixture was stirred under a nitrogen atmos- 
phere at 40* C for 24 hours then allowed to cool to ambient temperature. The resulting paste was filtered to remove 
water then dried under vacuum at 40°C for 48 hours. The product was obtained as a white powder in a yield of 138.2 
g (97%), Acylglycerol content: 30% by weight. Oxidation Induction time at 100'C (IT^qq) : >23 hours. Stability time at 
100° C: >20 hours. 

Example 4: 

[0038] To 230 ml of deionized and degassed water at 40° C in a 1 -L reaction kettle was added 1 00.0 g of dry Gamma- 
cyctodextrin. The reaction vessel was shielded to exclude light and once the solids had dissolved, 67.0 g of acylglycerol 
solutbn containing approx. 5% EPA and min. 25% DHA was added. The mixture was stirred under a nitrogen atmos- 
phere at 40* C for 24 hours then allowed to cool to ambient temperature. The resulting paste was filtered to remove 
water then dried under vacuum at 50°C for 48 hours. The product was obtained as a white powder in a yield of 162.2 
g (97%). Acylglycerol content: 40% by weight. Oxidation Induction time at 100*C (IT^qo) • >^ hours. Stability time at 
1 00* C: >9 hours. 

Example 5: 

[0039] To 450 ml of deionized and degassed water at 40* C in a Stephan Mixer was added 200.0 g of dry Gamma- 
cyclodextrin. The reaction vessel was shielded to exclude light and once the solids had dissolved. 67.0 g of acylglycerol 
solution containing approx. 5% EPA and min. 25% DHA was added. The mixture was stirred under a nitrogen atmos- 
phere at 40* C for 24 hours then allowed to cool to ambient temperature. The resulting paste was dried under vacuum 
at 50*0 for 46 hours. The product was obtained as a white powder in a yield of 250.4 g (94%). Acylglycerol content: 
25% by weight. Oxidation Induction time at 100*C (IT^oo) • >24 hours. Stability time at 100* C: >11 hours. 

Example 6: 

[0040] To 230 ml of deionized and degassed water at 40* C in a 1 -L reaction kettle was added 1 00.0 g of dry Gamma- 
cyclodextrin. The reaction vessel was shielded to exclude light and once the solids had dissolved, 25.0 g of acylglycerol 
solution containing approx. 5% EPA and min. 25% DHA was added. The mixture was stirred under a nitrogen atmos- 
phere at 40* C for 24 hours then allowed to cool to ambient temperature. The resulting paste was filtered to remove 
water then dried under vacuum at 50*C for 3 days. The product was obtained as a white powder in a yield of 121 .3 g 
(97%). Acylglycerol content: 20% by weight. Oxidation Induction time at 100*C (IT^oo) • >24 hours. Stability time at 
1 00* G: >24 hours. 

Example 7: 

[0041] To 230 ml of deionized and degassed water at 40* C in a 1 -L reaction kettle was added 1 00.0 g of dry Gamma- 
cyclodextrin. The reaction vessel was shielded to exclude light and once the solids had dissolved, 1 7.7 g of acylglycerol 
solution containing approx. 5% EPA and min. 25% DHA was added. The mixture was stirred under a nitrogen atmos- 
phere at 40* C for 24 hours then allowed to cool to ambient temperature. The resulting paste was filtered to remove 
water then dried under vacuum at 50*C for 48 hours. The product was obtained as a white powder in a yield of 109.0 
g (93%). Acylglycerol content 15% by weight. Oxidation Induction time at 100*C (IT^qq) : > 24 hours. Stability time at 
100* C: >24 hours. 
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Example 8: (Comparison example) 

[0042] To 50 ml of delonlzed and degassed water at 40° C was added 20.0 g of dry Beta-CD. The flask was covered 
to exclude light then 4.4 g of acylglycerol solution containing approx. 5% EPA and min. 25% DHA was added to the 
5 slurry. The mixture was stirred under a nitrogen atmosphere at 40** C for 4 hours then allowed to cool overnight to 
ambient temperature. The solid was collected by filtration and dried under vacuum at 40" C to give 24.0 g (98%) of 
material as a light yellow powder Acylglycerol content: 18% by weight. Oxidation Induction time at 100°C (ITioo) • 3-1 
hours. Stability time at 100** C: 4,4 hours. 

10 Example 9: (Comparison example) 

[0043] To 50 ml of deionized and degassed water at 40** C was added 20.0 g of dry Alpha-CD. The flask was covered 
to exclude light then 4.4 g of acylglycerol solution containing approx. 5% EPA and min. 25% DHA was added to the 
slurry. The mixture was stirred under a nitrogen atmosphere at 40" C for 4 hours then allowed to cool overnight to 
75 ambient temperature. The solid was collected by filtration and dried under vacuum at 40° C to give 11.7 g (48%) of 
material as a light yellow powder. Acylglycerol content: 18% by weight. Oxidation Induction time at 10Q°C (IT-,00) ■ 3.4 
hours. Stability time at 100° C: 4 hours. 

Example 10: (Comparison example) 

20 

[0044] To 230 mi of deionized and degassed water at 40** CIn a 1 -L reaction kettle was added 1 00.0 g of dry Gamma- 
cyclodextrin. The reaction vessel was shielded to exclude light and once the solids had dissolved, 1 00.0 g of acylglycerol 
solution containing approx. 5% EPA and min. 25% DHA was added. The mixture was stirred under a nitrogen atmos- 
phere at 40° C for 24 hours then allowed to cool to ambient temperature. The resulting paste was filtered to remove 
2S water then dried under vacuum at 50**C for 48 hours. The product was obtained as a yellow-white powder in a yield of 
195.07 g (97%). Acylglycerol content: 50% by weight. Oxidation Induction time at 100*'C (IT^qo) - 6.7 hours. Stability 
time at 100° C: 6.8 hours. 

Example 11: 

30 

[0045] To 250 ml of deionized and degassed water at 45° C in a 1 -L reaction kettle was added 1 00.0 g of dry Gamma- 
cyclodextrin. The reaction vessel was shielded to exclude light and once the solids had dissolved, 24.0 g of acylglycerol 
solution containing approx. 25% DHA was added. The mixture was stirred under a nitrogen atmosphere at 45** C for 
24 hours then allowed to cool to ambient temperature. The resulting paste was filtered to remove water then dried 
3S under vacuum at 50**C for 48 hours. The product was obtained as a white powder in a yield of 123.07 g (99%). Acylg- 
lycerol content: 20% by weight. Oxidation Induction time at lOO'C (ITiqo) ■ >24 hours. 

Example 12: 

40 [0046] To 250 ml of deionized and degassed water at 45** C in a 1 -L reaction kettle was added 1 00.0 g of dry Gamma- 
cyclodextrin. The reaction vessel was shielded to exclude light and once the solids had dissolved, 24.0 g of acylglycerol 
solution containing approx. 25% EPA was added. The mixture was stirred under a nitrogen atmosphere at 45° C for 
24 hours then allowed to cool to ambient temperature. The resulting paste was filtered to remove water then dried 
under vacuum at 50°C for 48 hours. The product was obtained as a white powder in a yield of 123.57 g (99%). Acylg- 

45 lycerol content: 20% by weight. Oxidation Induction time at 100**C (IT-, 00) • >24hours. 

Results: 

[0047] In general, complexes of acylglycerol (25 % by weight) with gamma-CD showed no oxidation over 24 hours 
so while control samples of 18% acylglycerol mixed with alpha - or beta CD showed rapid oxidation (less than 5 hours). 
Complexes of acylglycerol in excess of 40% however began to exhibit oxidation. 
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Chart of Results 
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Claims 

50 1. A method to stabilize acylglycerols comprising ct>3 polyunsaturated fatty acids against oxidative degradation char- 
acterized In that y-cyclodextrin is mixed either batchwise or continuously with the acylglycerol comprising o)-3 
polyunsaturated fatty acids, thus forming a y-CD/ acylglycerol complex. 

2. A method according to claim 1 characterised in that the acylglycerols comprising (o-3 polyunsaturated fatty acids 
3S are added to an aqueous y-CD solution. 

3. A method according to claim 2 characterised in that the CD concentration of the aqueous solution before the 
addition of acylglycerol is between 5 and 60 % by weight. 

40 4. A method according to at least one o1 claims 1 to 3 characterised in a weight ratio of acylglycerols comprising (o- 
3 polyunsaturated fatty acids to CD between 0.1 : 1 and 5:1. 

5. A method according to at least one of claims 1 to 4 characterised in that the mixing of acylglycerol and y-CD is 
effected in a temperature range from above freezing point to SO'^C. 

6. A method according to at least one of claims 1 to 5 characterised In that the complexing is effected under a protective 
gas atmosphere (nitrogen or argon). 

7. A method according to at least one of claims 1 to 6 characterised in that acylglycerol comprising (o-3 poiyunsatu- 
so rated fatty acids means mono-, di-, tri- acyl, or alkyi modified glycerol or glycerol mono-phosphate, with at least 1 

ca-3 polyunsaturated fatty acid. 

8. A method according to at least one of claims 1 to 7 characterised in that (o-3 polyunsaturated fatty acid means a 
residue selected from the group EPA, DH A, DTA or DPA. 



55 



9. A complex of y-CD and acylglycerols comprising a content of 1 5 % - 40 % by weight of acytgtyceroles comprising 
a>-3 polyunsaturated fatty acids. 
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10. Use of a complex according to claim 9 In the food or dietary supplements sector. 
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